Purpose: The aim of this paper was to determine the diagnosis distribution and demographic characteristics of glaucoma in a New Zealand population. Methods: The clinical records of all patients presenting consecutively to the Auckland District Health Board Glaucoma Service over a 6-month period were reviewed. Demographic parameters including ethnicity, age at presentation, and gender were collected along with all clinical data. Results: The case records of 857 patients were reviewed. Primary open-angle glaucoma (POAG) was the most common diagnosis (39.0%, n = 235), followed by primary-angle closure (PAC) diagnoses (24.8%, n = 149). This group was formed by the combination of narrow angle 18.1% ( n = 109), narrowangle glaucoma 0.3% ( n = 2), PAC 2.1% ( n = 13), and PAC glaucoma 4.2% ( n = 25). Normaltension glaucoma (NTG; 17.4%, n = 105), secondary glaucoma (SG; 11.5%, n = 69), ocular hypertension (5.0%, n = 30), and mixed mechanism (2.3%, n = 14) were also found. There was a significant difference in the ethnic distribution in the study population compared to the catchment population ( p < 0.001). Caucasian and Indian ethnicities were overrepresented, whereas the Pacific Island Nation ethnicity was underrepresented in all groups except SG. The Maori ethnicity was underrepresented in all groups except PAC. The underrepresentation was most prominent in POAG (only 2 patients of Pacific origin and 1 Maori patient with POAG). Significant differences were identified in gender distribution including a higher preponderance of
Introduction
Estimates suggest that there are in excess of 40 million individuals clinically defined as blind worldwide [1] , and according to the World Health Organization, glaucoma is the leading cause of irreversible blindness [2] . In certain countries, it is well established that differences in glaucoma prevalence and severity exist amongst different ethnicities, age groups, and between genders. For example, in the United States, subjects of African or Hispanic descent have been shown to be at a greater risk of glaucoma compared to white Caucasians, while population-based studies have shown that Asians are more susceptible to primary-angle closure (PAC) in comparison to Europeans and Africans [3] [4] [5] [6] . The prevalence of open-angle glaucoma has been shown to increase with age and is higher in males compared to females. Females are thought to be more susceptible to normal-tension glaucoma (NTG) and PAC compared to males [7, 8] .
The indigenous peoples of the South Pacific are reported to have very low rates of glaucoma [9] . The Central Australian Ocular Health Study reported a prevalence of openangle glaucoma among the indigenous Australian people to be a third of the prevalence of nonindigenous Australians [10] . Another study found that there were no cases of chronic open-angle glaucoma or acute angle-closure glaucoma among their Papua New Guinean patients [11] .
In 1969, a survey evaluating eye diseases including glaucoma and involving 333 New Zealand Maori was published, reporting an absence of glaucoma in this population [12] . However, there have been no subsequent reports regarding the demographic data for glaucoma in the New Zealand population.
The aim of this study was to determine the distribution of diagnoses and demographic characteristics of glaucoma in a defined New Zealand population.
Methods
This was a retrospective study conducted via the tertiary glaucoma Service at Greenlane Clinical Centre (GCC), Auckland District Health Board (ADHB) in conjunction with the Department of Ophthalmology, New Zealand National Eye Centre, University of Auckland.
The medical records of all patients, both new and existing patients, presenting consecutively to the glaucoma service during a 6-month period from January 1, 2014, to July 1, 2014, were reviewed. Data collected included age at diagnosis, gender, and self-reported ethnicity. For existing patients, diagnoses were obtained from patients' past notes. For both eyes, information regarding the diagnosis, intraocular pressure (IOP), cup-to-disc ratio (CDR), and automated visual field VF testing was collected.
Patients presenting to the glaucoma service presented either acutely or were referred by their general practitioner, optometrist, or private ophthalmologist for either a glaucoma assessment or ongoing management of their disease. The definitive diagnosis was made by an experienced, glaucoma fellowship-trained ophthalmologist.
Diagnoses were categorized either individually or grouped within a disease spectrum. These categories were as follows: primary open-angle glaucoma (POAG), NTG, ocular hypertension, PAC, mixed mechanism glaucoma, and secondary glaucoma (SG). The PAC group included PAC suspects requiring peripheral iridotomy, PAC, PAC glaucoma (PACG), and acute angle-closure crisis.
The exclusion criteria included patients classified as glaucoma suspects only, those whose initial glaucoma diagnosis could not be determined, and congenital glaucoma.
The ethnicity groups were categorized using the classification system that ADHB utilizes and publishes online (http://www.adhb.govt.nz/about/population_stats.htm). The ethnic distribution of the study population was compared to the combined catchment population of the Auckland and Waitemata DHB, for which the GCC provides the glaucoma service. The Auckland regional population is also provided as a reference. Ethnicity statistics were acquired from the 2013 New Zealand Census of culture and identity (Statistics New Zealand, available at www.stats.govt.nz/). Ethnic proportions for the catchment area and Auckland region do not total 100% due to individuals identifying themselves with multiple ethnicities. The "Asian" ethnicity included patients who were recorded as South East Asian, Chinese, "other Asian," and "Asian not further defined." The "Indian" ethnicity included only individuals who identified themselves as Indian.
Data collection and statistical analysis was performed using Microsoft Excel 2010 version 14.0.7143.5000 (Microsoft Corporation, Washington, WA, USA) and Statistical Package for the Social Sciences v21.0 (IBM, New York, NY, USA). The χ 2 test was used to assess the difference in the ethnic distribution between the study population and the catchment population. The independent samples t test was used to analyze the intergender variability in age, IOP, and CDR. After testing for normality in data, the one-way analysis of variance (ANOVA) was applied together with the Bonferroni post hoc comparison test to assess the interethnicity variability in age, IOP, and CDR. If distributions were not normally distributed, the Kruskall-Wallis test was applied instead. Differences between means were considered statistically significant if p values were <0.05.
Results

Glaucoma Subtype Distribution
A summary of the included and excluded cases and the distribution of diagnoses are outlined in Table 1 . SG causes were distributed according to the following proportions: pseudoexfoliative (34%, n = 15), uveitic (18%, n = 8), neovascular (11%, n = 5), pigment dispersion (11%, n = 5), and other (25%, n = 11).
Ethnicity Distribution
The ethnicity distribution of the study population overall and for each glaucoma subtype is presented in Table 2 .
Distribution of the reported ethnicity in all patients within the total study population ( n = 567) and in the subpopulations of glaucoma diagnoses compared to the population of the catchment area and the Auckland regional population is presented in Table 2 .
No ethnicity was recorded in the patient notes of 40 patients. There was a significant difference in the overall ethnic distribution of the study population in comparison to the catchment population (χ 2 = 80, d.f. = 5, p < 0.001). Table 3 presents the glaucoma subtype distribution for each ethnicity group.
The Caucasian ethnicity was overrepresented in the whole glaucoma population and in POAG, NTG, and ocular hypertension when compared to the catchment population. The Indian ethnicity was also overrepresented in the whole glaucoma population, POAG, and PAC.
In contrast, the Pacific Island Nation ethnicity was significantly underrepresented in all groups except SG. The Maori ethnicity was significantly underrepresented in all groups except PAC. The underrepresentation was most prominent in POAG followed by NTG. There were only 2 patients of Pacific Island Nation origin and 1 Maori patient with POAG. These are 10 times and 16 times less, respectively, when compared to the catchment population. To a lesser degree, the Asian ethnicity was also underrepresented in POAG and PAC. Of patients with a single diagnosis, the distribution of these diagnoses is shown as n (% single diagnosis). POAG, Primary open-angle glaucoma; NTG, normal-tension glaucoma; OHT, ocular hypertension; PAC, primary angle closure; MM, mixed mechanism; SG, secondary glaucoma. POAG, primary open-angle glaucoma; NTG, normal-tension glaucoma; OHT, ocular hypertension; PAC, primary angle closure; MM, mixed mechanism; SG, secondary glaucoma. Table 4 presents the gender and age distribution for the whole study population and for each glaucoma subtype and also the gender and mean presenting age (where available) distribution within the study population and in subpopulations of glaucoma diagnoses.
Gender and Age Distribution
Females were predominant in NTG (63.8%), PAC (67.1%), and mixed mechanism glaucoma (78.6%). The age at presentation was available for 441 patients and is outlined in Table 4 .
For the whole glaucoma population, the Caucasian group was diagnosed at an older age, mean ± standard deviation, (69.4 ± 12.9 years) compared to Asians (60.8 ± 12.7 years), Indians (55.9 ± 12.4 years), and Pacific peoples (57.1 ± 20.4 years; p ≤ 0.011). The mean age at presentation in Maori was 60.3 ± 9.8 years ( p > 0.05).
In the subgroup analyses, Asians and Indians were diagnosed with POAG younger (62.1 ± 15.0 years) in comparison to Caucasians (73.1 ± 10.6 years). Asians were diagnosed with NTG younger (61.1 ± 11.4 years) than Caucasians (75.3 ± 10.2 years; p = 0.001), and Indians were diagnosed with PAC (56.3 ± 12.9 years) younger than Caucasians (67.1 ± 11.2 years; p = 0.013).
The distribution of IOP and CDR in the overall population did not vary significantly between ethnicities and gender. While the IOP and CDR for Maori and Pacific peoples could not be compared with other ethnicities due to small sample sizes, IOP and CDR did not vary POAG, primary open-angle glaucoma; NTG, normal-tension glaucoma; OHT, ocular hypertension; PAC, primary angle-closure group; MM, mixed mechanism; SG, secondary glaucoma. Table 4 . Gender and mean presenting age (where available) distribution within the study population and in the subpopulations of glaucoma diagnoses significantly between the remaining ethnicities and gender for both POAG and NTG. The inclusion of these VF data points would have been a fallacious reflection of the actual VF reduction due to glaucoma since ocular conditions such as cataract, early lens changes, vitreous and retinal diseases, and optic atrophy may have resulted in unquantifiable reductions in the VF that was above and beyond the effect of glaucoma.
Discussion
The current study highlighted that POAG was the most common diagnosis, PAC the second at 24.8%, and NTG the third most common at 17.4%. The apparently high proportion of patients with PAC is likely due to our inclusion of all diseases that fell in the spectrum of this diagnosis, which ranged from narrow-angle to PACG.
The Caucasian and Indian ethnic groups were shown to be overrepresented overall and also in many of the glaucoma subgroups. Of particular interest is the underrepresentation of Maori and Pacific peoples in most glaucoma subtypes and most prominently in POAG. The observed trends in the ethnic distribution of the glaucoma population are likely due to a combination of 3 factors: genetic predisposition, access to healthcare, and population age structure.
Recent human leukocyte antigen loci analysis supports the Mongoloid ancestry of the Maori and Pacific people of New Zealand [13] . The current study has additionally shown that the PAC grouped diagnoses was the most common glaucoma subtype among Maori and Pacific peoples. The prevalence of PACG is reported to be relatively higher among studies in East Asia [14] . One study in Mongolia reported a 2.8 times higher prevalence of PACG in comparison to POAG [15] . Qualitatively, the similarity observed in disease patterns between these groups and the Maori and Pacific peoples speculate on the existence of genes, which may either protect Maori and Pacific peoples from glaucoma or predispose these ethnicities to certain types of glaucoma.
Access to the glaucoma service is commonly by way of referral from primary healthcare services. The question of access to primary eye care services for Maori and Pacific peoples may explain in part their underrepresentation in glaucoma diagnoses. These ethnic groups are shown to generally have poorer access to and restricted utilization of primary healthcare services [16] [17] [18] [19] . The observed underrepresentation in the glaucoma clinic may thus reflect the low numbers of Maori and Pacific peoples initially presenting to their optometrist or general practitioner.
A further possible explanation for differences in the ethnic representation in this study may be related to the differences in the age structure of the Maori and Pacific populations in comparison to the Caucasian population. Maori [20] and Pacific peoples [21] in New Zealand have been reported to have a lower life expectancy in comparison to Caucasians. These populations are thus comparatively younger populations. According to statistics New Zealand, 17.1% of the Caucasian population are >65 years, while only 5.4 and 4.7% of the Maori and Pacific population, respectively, are over 65. Since glaucoma typically a disease of the elderly, the under representation of Maori and Pacific peoples in the glaucoma clinic may be due to the lower life expectancy of the Maori and Pacific peoples. The older Caucasian population may explain their relative overrepresentation in our study.
An unexpected observation is the underrepresentation of Asians with glaucoma in the total population and surprisingly in the PAC subgroup. Since the prevalence of open-angle glaucoma among Asians is thought to be similar to Indians but higher than Caucasians and the prevalence of angle closure glaucoma is thought to be much higher in comparison to other studied ethnicities, Asians were expected to be overrepresented or at least equally repre-sented in the PAC population [1, 14] . The authors hypothesized that the reason for this underrepresentation was due to possible underutilization of primary eye care services, in particular optometrists for regular check-ups, or the public system as a whole. Upon closer scrutiny of the data by removing the angle closure suspects, Asians were in fact overrepresented, as they formed 22.5% of the patients with PAC, narrow-angle glaucoma, and PACG, which are conditions at the more symptomatic end of the spectrum. More exploration is needed in characterizing the demographics of patients presenting to optometrists as well as the private medical sector.
There were limitations associated with this study. The diagnoses were made retrospectively and include biases of previous doctors, so classifications were not made by a single examiner or a team in a prospective manner. Additionally, the study does not sample all of the diagnosed glaucoma patients in the community, including privately treated patients, low-risk patients maintained in the community, and those without access to eye care. A more thorough dissection of the major ethnic groups would not have been possible in this study due to the restricted ethnicity grouping system employed by the hospital and the lack of sufficient sample sizes required for reliable statistical analysis. The "Asian" and "Indian" ethnicities were not further subdivided. This is a limitation of this study, which does not consider the differences in glaucoma susceptibility within these diverse ethnic groups. The absolute and relative prevalence of glaucoma subtypes have been shown to vary between different groups of what we have classified as "Asians" [14] . Moreover, some who identified themselves in the Asian group were Sri Lankans who are likely more similar to Indians. Furthermore, while the Fijian ethnicity was not further defined in the data collection, it was reasonable to assume by name that most Fijians were in fact Fijian Indians. This group may be considered to be genetically and culturally more similar to the Indian ethnicity rather than the Pacific Island Nation group. In addition, this work is a retrospective study based on clinical records from a tertiary glaucoma service with referrals from general practitioners, optometrists, and private ophthalmologists. Hence, it is possible that bias may arise due to factors such as access to health care and severity of the disease.
Conclusion
To the best of our knowledge, this is the first time a glaucoma population in New Zealand has been studied. We described the distribution of diagnoses, ethnicities, as well as trends in gender and age. Of particular interest was the clear underrepresentation of Maori and Pacific peoples with glaucoma. The results from this study may aid in the risk prediction for patients presenting to the glaucoma service.
